ABSTRACT: This paper deals with the application of fuzzy multinomial control chart (FM-chart) with variable sample size for characterizing the mulberry multi-bivoltine silk cocoons quality and the result is compared with the conventional p-chart. Silk cocoons quality has been classified under various categories such as reject, poor, medium, good and excellent. The FM-chart offers a holistic approach about the quality of silk cocoons by considering the proportions of all categories; however, p-chart only considers the proportion of rejected category of silk cocoons. Consequently, FM-chart can able to monitor the silk cocoon quality characteristic in better way than p-chart.
INTRODUCTION
Sericulture is an agro-based industry. It involves rearing of silkworms for the production of raw silk, which is the yarn obtained out of cocoons spun by certain species of insects. Unlike other natural fibres, sericulture is a unique combination of botanical, zoological and textile sciences dealing with on and off-farm activities. Hence, handling of silk textiles is a little delicate.
The raw material of silk yarn is cocoon and that of cocoon is the silkworm seed. Silk cocoons being a biomaterial have huge intra and inter-cocoon lots variations. The quality of the raw material is a very important role during processing and subsequently has great bearing on the end product as well [1] . The silk cocoons quality plays a major role in reeling and ultimately govern the final product quality. But quality perception in silk sector is still at very budding state. Because of absence of any scientific quality control approach, sometimes no direct correlation between price and quality of cocoons is found. In the backdrop of such affairs, there is an urgent need of sound process control system for silk cocoons quality characterization.
Control chart is regarded as the most frequently applied statistical process control tools [2] . The control chart technique is the most commonly used in industries for quality monitoring. A control chart consists of three horizontal lines, namely upper control limit (UCL), center line (CL) and lower control limit (LCL). The CL in a control chart denotes the average quality of the product. If a point lies within UCL and LCL, then the process is deemed to be under control. Otherwise, a point plotted outside the control limits can be regarded as evidence representing that the process is out of control and, hence preventive or corrective actions are necessary in order to find and eliminate the assignable cause or causes, which subsequently result in improving quality characteristics [3] [4] .
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One of the basic control charts for attributes is the p-chart which can also be is used for the samples with varying sizes. It shows a proportion of nonconforming items rather than the actual count for each lot which is classified as either nonconforming or conforming to the specified quality characteristic. Typically, the conformity to specifications on a quality standard is evaluated onto a two-state scales, e.g. acceptable or unacceptable, good or bad and so on. However the binary classification might not be appropriate in case of silk cocoons which may be classified in more than two categories using linguistic variables such as 'poor quality', 'medium quality', 'good quality', and 'excellent quality'. A fuzzy multinomial control chart (FMchart) is able to deal with the linguistic variables which are classified into more than two categories. In this paper p-chart is compared with FM-chart for characterization of silk cocoons quality.
THE P-CHART
Let wbe a sample statistic that measures a quality characteristic, and suppose that the mean of w is μ w and the standard deviation of w is σ w . Then the CL, UCL and the LCL for the She whart control chart are as follows [5] :
Where d is the distance of the control limits from the CL, in multiples of the standard deviation of w. It is customary to use d = 3.
The control limits for p-chart with variable sample sizes is obtained as follows:
Where k = number of samples, n i = number of units in sample i, D i =number of nonconforming units in sample i, ̅ = average fraction of nonconforming, = upper control limit of sample i, and = lower control limit of sample i.
THE FM-CHART
The concept of fuzzy logic plays a fundamental role in formulating quantitative fuzzy variables [6] [7] . These are variables whose states are fuzzy members. The members represent linguistic concepts, such as good quality, medium quality, bad quality and so on, as interpreted in a particular context [8] [9] . In case of p-chart, the conformity to specifications on a quality standard is evaluated onto a two-state scale, for example, acceptable or unacceptable, good or bad, and so on. In some situations this type of binary classification might not be suitable, where product quality can assume more intermediate states. A FM-chart can able tackle the situation when the products are classified into mutually exclusive multinomial linguistic categories. A brief introduction of a FM-chart with variable sample sizes is given in the following lines.
Based upon fuzzy set theory, a linguistic variable ̃ is characterized by the set of k mutually exclusive members{l 1 ,l 2 ,...l k }. We attach a weight m i to each term l i (where i = 1, 2,… k) that reflects the degree of membership in the set. Then a fuzzy set can be written as ̃= {( 1 , 1 ), ( 2 , 2 ), … . ( , )}. Assume that the production process is operating in a stable manner and p i is the probability that an item is l i and successive items produced are independent. Suppose that a random sample of size n i units of the product is selected and let X i ,be the number of items of the product that are l i, . Then {X 1 , X 2 , …..X k } has a multinomial distribution with parameters n i and p 1 ,p 2 , …p k . It is known that each X i marginally has a binomial distribution with the mean and variance (1 − ) respectively. The weighted average of the linguistic variable ̃w ith sample size n i is defined by [5, 10] :
where 1 , 2 , … . are pre-determined sample sizes. The control limits for FM-chart are
The expressions of [̅] and (̅)in Equation (4) can be written as follows:
By putting the Equations 5-6 in control limits for FM-chart, Equation 4 becomes
ASSESSMENT OF SILK COCOONS
Due to colossal heterogeneity in or within a lot of silk cocoon, random sampling with variable sample size seems to be the right approach for assessment of cocoon. In practice, quality of silk cocoons is mostly assessed by some tactual observations. In fact, the assessors have that much of expertise to evaluate the cocoon characteristics with their experience. In the present study, these visual and tactual expertise of some experienced reelers have been utilized during assessment and categorization of silk cocoons. Total 54 lots of multi-bivoltine silk cocoons of variable size sare selected. Table 1 illustrates the linguistic assessments of each lot of silk cocoons in five different categories such as 'Reject', 'Poor Quality', 'Medium Quality', 'Good Quality' and 'Excellent Quality' respectively. In Table 1 the first category 'Reject' means unreelable; 'Poor' means having poor shell compactness, less cocoon weight etc. but otherwise reelable; 'Medium' indicates moderate shell structure, moderate resiliency, higher silk content etc.; 'Good' signifies the cocoon quality which is satisfactorily acceptable to the reelers for a reasonably good output. In fact, in a normally acceptable lot of cocoon, the larger number of cocoons generally falls within this category. Finally, the category 'Excellent' is the mostly desired category that are superior over others in terms of shell weight, cocoon size and shape, color, resiliency, expected output etc. In Table 1 the lot size indicates the total number of cocoons assessed for that particular lot which includes all five categories. For example, lot no. 1 has total 110 number of silk cocoons amongst which 2, 12, 17, 51 and 28 cocoons are categorized as 'Reject', 'Poor Quality', 'Medium Quality', 'Good Quality' and 'Excellent Quality', respectively. 1  110  2  12  17  51  28  2  115  3  10  14  56  32  3  120  4  13  17  57  29  4  100  12  13  16  40  19  5  110  2  9  15  53  31  6  105  3  12  18  41  31  7  110  4  11  22  52  21  8  120  4  15  23  58  20  9  110  3  16  21  51  19  10  100  2  16  20  41  21  11  110  3  14  21  50  22  12  100  2  11  20  49  18  13  115  4  15  19  54  23  14  100  3  10  18  47  22  15  94  2  10  15  47  20  16  100  2  14  19  42  23  17  122  3  17  20  60  22  18  110  2  11  24  52  21  19  115  3  16  21  59  16  20  100  1  9  17  53  20  21  110  2  13  18  56  21  22  110  3  13  16  48  30  23  115  3  13  19  48  32  24  105  2  12  16  46  29  25  105  2  11  17  55  20  26  110  4  12  14  58  22  27  115  1  12  15  68  19  28  100  12  12  6  52  18  29  110  2  11  13  62  22  30  115  3  16  23  52  21  31  130  5  18  22  62  23  32  120  4  20  21  53  22  33  120  5  21  19  54  21  34  100  13  10  19  35  23  35  110  6  16  24  49  15  36  120  7  26  20  49  18  37  90  6  20  8  44  12  38  105  3  13  21  49  19  39  110  3  13  15  58  21  40  110  3  16  16  55  20  41  120  4  19  18  57  22  42  110  2  12  19  44  33  43  80  10  10  12  29  19  44  80  14  8  8  32  18  45  100  2  12  17  48  21  46  120  3  10  16  56  35  47  115  3  13  17  45  37  48  110  2  8  17  44  39 49  110  3  21  18  46  22  50  100  2  15  20  41  22  51  110  4  15  21  49  21  52  110  3  13  20  54  20  53  120  11  12  23  48  26  54  100  5  25  19 38 13
CONSTRUCTION OF P-CHART AND FM-CHART FOR SILK COCOONS
To monitor the quality of multi-bivoltine mulberry silk cocoons, 54 lots of different sizes are selected. To construct the p-chart for characterization of silk cocoons quality, the fraction of nonconforming cocoons for each lot (̂) and the average fraction of nonconforming cocoons ( ̅ )areestimated as follows: ̂= ; ∈ { 1 , 2 , … . } The center line and control limits of p-chart are calculated for each lot using Equation (2). Table 2 shows the values of ̂ and control limits for each lot. Examples of estimating the center line and control limits of pchart for samples 1 and 2 are shown below. The LCL values of defective cocoon proportion are mathematically computed as negatives for each lot. As negative proportion of defective cocoon is not possible, the LCL values are considered to be zeros. 
RESULTS AND DISCUSSIONS
The p-chart for 54 multi-bivoltine hybrids silk cocoon lots are shown in Figure 1 . The CL for p-chart is 0.037707 and Table 2 Table 4 . The lot number 48 is appeared just below the LCL in FM-chart shown in Figure 2 .The LCL and UCL represent the lower and higher limits respectively for the proportion of bad quality silk cocoons. Therefore, if a lot falls near to the UCL in control chart, it indicates that the lot has more proportion of defective quality silk cocoon. Similarly better quality silk cocoons fall near to the LCL in FM-chart. Hence, the lot number 48 is basically better product. From Table 4 it can be perceived that lot number 48 is the best lot because it has highest p e value amongst all the samples.
CONCLUSIONS
In this paper the fuzzy multinomial control chart with variable sample size is applied to characterize the silk cocoons quality. Being the natural product, silk cocoons qualities are completely fuzzy and imprecise. Hence, the attempt to silk cocoons quality characterization using fuzzy multinomial control chart is an accurate and novel approach. The FM-chart is capable to consider linguistic variables to determine the center line and control limits. The 54 lots of silk cocoons are assessed in five linguistic variables such as reject quality, poor quality, medium quality, good quality and excellent quality. The conventional p-chart is also compared with the FM-chart for silk cocoons quality characterization. It is observed that the six cocoon lots such as lot numbers 4, 28, 34, 43, 44 and 53 are found out-of-control in p-chart due to higher proportion of reject quality silk cocoons. But only two cocoon lots such as lot numbers 36 and 54 are found out-of-control when all five qualities are registered in FM-chart. Hence, it can be resolved that the FM-chart leads to a better result as it consider overall details of the product. 
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